Abstract. The paper presents a micro encapsulation method of -Fe
INTRODUCTION
One of the main objectives in composite engineering is the development of design and obtaining methods of organic-inorganic composites structured in the nanometric and micrometric range. A nanocomposite (the term was proposed in 1970) is a mixture of two phases, one of which has nanometric dimensions (1-20 nm) in at least one direction.
Most important, both in research and in the nanotechnology-based industry is the morphological and dimensional control of nanoparticles, given the large number of applications based on devices created from oxide nanomaterials such as: color-sensitive solar cells [1] , hybrid thin films for photovoltaic applications [10] , gas and biosensors [2, 8] , polymeric membranes with metal oxides [9] or lithium-based batteries [3] .
Optimization of such devices can be accomplished on the basis of a better understanding of the physical properties in which quantum mechanics predominates, as well as a better correlation of the design of the material with the application needs, in accordance with the accelerated miniaturization trend. In all applications of nanomaterials, switching from laboratory to industrial scale is an important challenge. In this regard, engineers have developed synthesis techniques, simulation, and modeling methods to facilitate the production of relatively cheap, reliable materials with controlled properties.
In this paper is presented the obtaining of nanocrystalline -Fe 2 O 3 fabricated from colloid. The aim is to develop a method of incorporating iron oxide nanoparticles into polyethyleneglycol (PEG) microparticles in which the particle's size can be controlled without use of toxic solvents or surfactants. Methods of obtaining based on the same principle have been reported but for polymer based composite materials with TiO 2 [4] , γ-Fe 2 O 3 [5] or SiO 2 [6] . Obtained microparticles may be applied as the cosmetic, printing and electronic materials. The nanoparticles of -Fe 2 O 3 absorb the UV light. To use the -Fe 2 O 3 nanoparticles for cosmetic materials, -Fe 2 O 3 nanoparticles have to microencapsulate into PEG (polyethyleneglycol) shell.
EXPERIMENTAL PROCEDURE

Preparation of -Fe 2 O 3 colloid
The -Fe 2 O 3 colloid was obtained by a hydrolysis reaction of a solution with FeCl 3 in slightly acidified water. The obtaining process took place in two stages: the instantaneous amounts of aqueous solution containing FeCl 3 (110 ml, 2 mol/l) with HCl (210 ml, 3 mol/l) was successively dropped into a flask, and then diluted with a certain volume of boiling water. This process produced a red-brown transparent sol. Then, the sol was heated into refluxing state and aged at 90 o C for 40 hours.
The -Fe 2 O 3 colloid obtained was washed with deionized water several times until the unreacted components (Cl − ions and Fe 3 Cl) were eliminated.
With the help of the electronic transmission microscope JEM 2000 EX (TEM) and scanning electronic microscope JEOL JSM 840 (SEM), the morphology of particles was performed and analyzed. X-ray powder diffraction (XRD) measurement was made on X-ray diffractometer (K line of cobalt radiation). The absorption spectrum was recorded using a SPECORD M400 UV-Vis spectrophotometer. FTIR analysis was performed on a Jasco FTIR 4200 spectrophotometer using -Fe 2 O 3 powder pellets pressed together with KBr powder. Polyethylene glycol (M.W. PEG4000 = 4000) as shell and -Fe 2 O 3 nanoparticles as core material were used for preparation the composite microparticles. Encapsulation of the iron oxide nanoparticles was realized in a 500 cm high pressure cell provided with a 10 mm round sapphire window. In the first phase, the pre-expansion pressure was raised to the working pressure. The PEG with -Fe 2 O 3 nanoparticles and the co-solvent in welldetermined amounts were introduced into the high pressure cell under stirring at 600 rpm for 1 hour. The mixed polymer/oxide solution was sprayed rapidly (under 3 seconds) onto a 1 mm thick target aluminum plate through a capillary nozzle by opening a valve located before the nozzles. The expansion produced polymeric-based composite microparticles. These microparticles were collected after the sedimentation process.
After obtaining process, the microparticles were placed on a small glass plate, covered with a two-sided carbonlike conductive band. For use as the SEM sample, it was metalized by sputtering with a layer of silver-palladium alloy with a thickness of approximately 200 Å. UV-Vis spectral analysis (figure 3) on the -Fe 2 O 3 sample shows maximum absorption in the UV region at 206 nm and 233 nm due to tetrahedral coordinated Fe 3+ ions and 258 nm, 278 nm due to octahedral coordinated Fe 3+ ions [7] . The peaks observed in the spectrum can be assigned as follows: figure 5 . Ethanol was used as a co-solvent and the pre-expansion pressure was 20 MPa and the temperature was 300 K. The particle sizes are in the range of 15-20 μm and are not agglomerated because ethanol is volatile and a solvent for the polymer. Polymeric microparticles were spherical and did not depend on the nature and dimensions of the oxide nanoparticles that constituted the core. The suspended -Fe 2 O 3 nanoparticles played the role of nucleation agent in the expanding jet, helping to encapsulate. As a result of precipitation of the PEG, composite spherical microparticles were produced. Also, the SEM image (figure 5) shows that dimensional distribution is not uniform: very large spherical particles with a diameter of 50 μm, but also very small of a few μm appear. Most of the particles have a diameter of about 20 μm. It may be considered that the obtained particles are PEG microparticles with core consist of -Fe 2 O 3 nanoparticles, because the agglomerated -Fe 2 O 3 nanoparticles are not observed on the surface of PEG particles by SEM analysis.
RESULTS AND DISCUSSION
-Fe 2 O 3 nanoparticles analyzes
CONCLUSIONS
To obtain core-shell microparticles with -Fe 2 O 3 nanoparticles core and PEG 4000 shell, the atmospheric pressure spray technique was used. After rapid expansion, microparticles that do not tend to agglomerate are obtained.
Structure and morphology of microparticles were investigated by SEM, TEM, XRD, UV-Vis and FTIR. Ferric oxide nanoparticles have polyhedric shapes and average sizes in the range of 18-25 nm and by encapsulation they do not tend to agglomerate. The obtained microparticles have spherical shape and average diameters about 20 µm.
